failure to assimilate the liver principle (which is effective in Addison's anaemia), or the vitamin B complex (which is effective in tropical macrocytic antemia but not in Addison's amnemia) or perhaps other unknown factors.
DISCUSSION ON THE MEGALOCYTIC ANIEMIAS OF
TROPICAL AND NON-TROPICAL COUNTRIES.
Dr. L. J. Witts: Our subject to-night is of practical importance as well as of theoretical interest. The terms pernicious anaemia" and "megalocytic anamia" have often been used as if they were interchangeable, but they are by no means synonymous. It is fortunate that pernicious and allied anwmias account for the great majority of megalocytic antemias-fortunate, because they respond well to treatment. Nevertheless, there remains a residue of cases of megalocytic anemia which are of quite different etiology, which may tax our powers of diagnosis to the utmost, and which are often sadly resistant to treatment.
When we speak of the size of the red cells we may be referring either to their volume or their diameter. It will simplify our discussion if we confine it to the diameter, as in this way we shall exclude acholuric familial jaundice, in which the cells are constitutionally of an abnormal, spherical shape, and have a smaller diameter but a higher volume than normal. Price .Jones has constructed a frequency distribution curve which embraces all the possible variations in diameter of healthy erythrocytes. Cells which fall to the right of the normal curve are megalocytes, and a megalocytic anemia is one in which such cells are present. The curve of the distribution of red-cell diameters gives much more information than the mean diameter of the cells, for megalocytes are always pathological, whatever the mean diameter. We may make the crude generalization, which is perhaps not free from exceptions, that the appearance of megalocytes in the peripheral blood connotes the proliferation of megaloblasts in the bone-marrow.
Megaloblasts proliferate in the bone-marrow under two very different sets of circumstances. The first is the megaloblastic degeneration of the bone-marrow which occurs in Addison's anwmia and a variety of related anaemias. The second is the multiplication of megaloblasts when blood-formation is greatly accelerated, as happens at times in the homolytic anwemias. The megaloblastic degeneration of the bone-marrow in Addison's anaemia and allied states is attended by a diminished output of cells from the marrow, and I have recently suggested that these diseases in which hyperplasia of the bone-marrow accompanies a diminished formation of blood may be grouped together under the title of " anhaemopoietic anaemias" [171.
The Anhemropoietic Anaemias. The group of anha8mopoietic anwemias includes the majority of the idiopathic anawmias and a high percentage of the megalocytic antemias. We consider these anhaemopoietic anwmias to be due to a disturbance in the normal development and delivery into the circulation of the red cells. In health the cells develop smoothly from the primitive reticulo-endothelium, through megaloblast and normoblast, to erythrocyte, and few megaloblasts or none can be recognized in the marrow, When SEPT-JOINT Dis. No. 6-1 Proceedings of the Royal Society of Medicine 112 the nutrition of the blood-forming organs is disturbed, either from defective diet or from the failure of digestion and assimilation in the alimentary canal, the orderly ripening of the red cells may be disorganized and the process may be arrested at one or other of these levels. In iron deficiency, for example, there is normoblastic degeneration of the bone-marrow and a microcytic anwemia. Vitamin B deficiency may be attended by megaloblastic degeneration of the bone-marrow and a megalocytic anaemia. In extreme malnutrition, such as occurs in late sprue, erythropoiesis ceases entirely and there is aplastic anaemia. "The anDemia is due to diminished blood-formation or anhaemopoiesis, and according to the level at which heemopoiesis is arrested, the marrow may be normoblastic, megaloblastic or aplastic. The cells drafted into the circulation from this dysplastic marrow are sometimes abnormal and liable to early destruction, but htemolysis is always secondary to the degeneration of the bone-marrow and is never of high degree. The reticulocyte count is low, the resistance to hypotonic saline is little impaired, and haemoglobinuria and haemoglobinaemia never occur. The white cells and the platelets are normal or diminished. Remission of the disease is attended by an outpouring of reticulocytes in numbers directly proportional to the extent of the hyperplasia of the bone-marrow. All these features are in direct contrast to the haemolytic anaemias, which will he described later. Clinically, these aneemias are characterized by their frequent association with glossitis, gastro-intestinal disorders and degeneration of the nervous system" [17] . To-day we are concerned only with such of the anhaemopoietic aneemias as are of a megalocytic type, but these form a sufficiently imposing group. I shall not enter on a detailed description of the anhabmopoietic megalocytic anaemias, as other speakers are more familiar with those of tropical origin, while I have discussed the non-tropical varieties on a recent occasion. Megalocytic aneemia from errors of diet is uncommon in the temperate zones, though it may occur in the more fanatical type of vegetarian and it responds to treatment by liver [8] .
The non-tropical megalocytic ancemias are usually due to disorders of the gastrointestinal tract and Addison's anaemia is of course the most important example. We now attribute Addison's ansemia to the achylia which is its most constant symptom. In normal gastric digestion a principle is elaborated from the proteins of the food which ensures the orderly maturation of megaloblasts with normoblasts and satisfactory erythropoiesis. We might define pernicious anaemia as anaemia due to lack of the haematinic principle which is normally elaborated by the action of the proteolytic ferments of the stomach, absorbed from the intestine and stored in the liver and to a less extent in other organs. Such a definition would prepare us for the recognition of identical megalocytic anDemia when the intestine is diseased. Of such an event the most important examples are: (1) Intestinal anaemia, such as occurs, (i) after resection of the small intestine, (ii) in intestinal stenosis, (iii) when the intestine is infested with parasites such as Dibothriocephalus latus, and (iv) in certain cases of chronic ulceration of the bowel.
(2) The anaemias of fatty diarrhoea, which occur in cceliac disease, sprue, chylous diarrhaea, pancreatic diarrhcea and gastro-colic fistula.
Let me make it quite clear that the aneemia of these diseases is not always of the megalocytic type. It may be aplastic or normoblastic. Nevertheless megalocytic anaemia occurs frequently in each and all and responds to treatment by liver. We are still uncertain how far these anaemias are due to diminished absorption of the heematinic principles from the intestine and how far they are due to impaired gastric digestion, for evidence of gastric disease, more especially deficient proteolytic activity of the stomach, is present in a high proportion of cases of intestinal disease. We have reliable evidence that the stomach is perfectly normal in some of these cases [1] , and in such cases it remains to decide whether the anmemia is due to Acute Hmmolytic Anmsmia. The second set of circumstances which may give rise to megalocytic anaemia is an acceleration of the process of blood destruction. The megalocytic annmias of hEemolytic origin may be subdivided according as they are acute (when they are probably due to infection), or chronic (when they often seem to be the result of some primary disease of the liver, spleen or blood-forming organs). The typical response to infection is of course a secondary anaemia in which the cells are below the normal size. A high colour-index may be present when large numbers of red cells are suddenly destroyed by chemical or bacterial toxins, and also immediately after a haemorrhage, but it is the rarest event for a true megalocytic anemia to develop under those circumstances. During recovery from the hmemolysis or ha3morrhage megaloblasts may be swept into the circulating blood but the colour-index falls and the red cells become smaller than normal. The infectious aneimias in which megalocytosis has been demonstrated are of a subacute or chronic type, for it is only when blood destruction is increased for a period of some time that the level of differentiation and development of red cells is at all likely to be shifted back to the megaloblastic-megalocytic stage. At any rate, megalocytosis is a very uncommon type of response to infection, though it has been described in Bartonella infection [10] and rare cases of malaria [3] . In the acute heemolytic anemias of unknown origin, of the type described by Lederer and Brill, the character of the anumia is not constant. The cells were normal or smaller than normal, in spite of a high colour-index, in three cases of this type in which Price Jones curves were made at Guy's Hospital [11] , but Christiansen reports a case with a mean red-cell diameter of 8*01 m. In the grave hmmolytic ansmias of pregnancy, the size of the red cells varies from case to case, but there may be frank megalocytosis as is shown by the Price Jones curves published by Hampson and Shackle ( fig. 1 ) and by Parvu and Fouquiau. Recent observations [16, 18] suggest that megalocytic aneemia in SEPT,-JOINT DIs. No. 6-2 * Proceedings of the Royal Society of Medicine pregnancy is a true pernicious an8emia due to gastric disease, and that it is therefore anhbemopoietic and not hamolytic in type; it is probable that the acute hmemolytic anaemia of Lederer also occurs in the pregnant woman, but reliable information on this point and detailed blood-pictures are still lacking. The treatment of the acute haemolytic anaemias is that of the primary infection, when it is known; in the idiopathic cases transfusion is often dramatically successful; liver also seems to be of value. Chronic Hmmolytic Ana?mia.
Within the last few years, largely as a result of the work of P. N. Panton, L. S. P. Davidson and G. W. Goodhart in this country, we have come to recognize a group of cases in which the clinical picture is that of a chronic h3molytic aDeemia of a fairly constant type, though the aetiology and pathology of individual cases may be quite different. They are important clinically, as they are easily confused with pernicious anemia and with acholuric jaundice, though careful study of the history and the blood-picture should always serve to differentiate them. They differ from pernicious anaemia in the absence of involvement of the gastro-intestinal tract or the central nervous system, and in the presence of continuous excessive heemolysis, as shown by persistent high reticulocytosis and crises of blood destruction in which free hEemoglobin may appear in the plasma and the urine. The fragility of the red cells may be increased. They differ from acholuric jaundice in the absence of any hereditary element and in the fact that the red cells are of normal shape and frequently of high diameter. In some of these cases the syndrome is grafted on to a well-known primary disease, in other cases it appears to arise as an independent entity. The mechanism underlying the haemolysis in these cases is still unelucidated.
Leukamia.-The association of anwmia of high colour-index with leukLemia of an acute or aleuksemic type, has been known for many years. In 1920 Wanner published an extremely able review of these cases, and the subject was recently brought up to date by Reichel (1930) . The anaemia is often of the utmost severity and normoblasts and megaloblasts appear in the peripheral blood. I have no knowledge of the behaviour of the reticulocytes in these patients, but polychromasia is marked and van den Bergh's reaction is positive. At autopsy there may be haemosiderosis of the liver, spleen, kidneys, and bone-marrow, and megaloblasts may be present in large numbers in the bone-marrow, in the midst of the proliferatirg white cells. I am fortunate in being able to reproduce a Price Jones curve made from one of these cases at Guy's Hospital by Hampson and Shackle. It shows frank megalocytosis ( fig. 2 ).
Lymphadenoma.-The ansemia of Hodgkin's disease is usually of the aplastic or hypoplastic type, and the size of the red cells is diminished. The anamia runs parallel to the course of the disease, and in the remissions there may be a reticulocyte crisis as the blood improves. In rare instances, of which L. S. P. Davidson has reported four examples, the blood picture is entirely different. The patient presents himself with a chronic hmnolytic anaemia, the red-cell count may be below a million, the colour-index is above unity, and megaloblasts appear in the peripheral blood.
Reticulocyte counts of from 10% to 50% may be present for long periods. The Price Jones curve may show gross megalocytosis. The diagnosis of these cases offers the greatest difficulty, as the early symptoms may be not at all typical of Hodgkin's disease and enlargement of glands may be a late event.
Splenic anemia.-I have recently seen a case of the same type, a report of which is shortly to be published by Professor Robert Donaldeon and myself, in which a chronic hemolytic ana3mia with persistent high reticulocytosis and fluctuating jaundice followed pregnancy. The woman died after an illness of two years, and at autopsy we found a greatly enlarged and congested spleen in association with a liver which showed early portal cirrhosis. The anaemia was of the microcytic 114 1706 115 Section of Tropical Diseases and Section of Medicine 1707 type throughout and the colour-index was below unity, altbough an abnormal number of megaloblasts were present in the marrow. In its other features the case corresponded so closely with the haemolytic an8emias of leukmemia, lymphadenoma and the idiopathic type, that we may expect to find occasional cases of splenic anaemia with a hiamolytic, megalocytic anamia.
Idiopathic cases.-Finally there are the idiopathic cases of chronic hbemolytic anaemia of this type, in which the only abnormal signs after death are hblmosiderosis of the viscera and great hyperplasia of the bone-marrow. The symptoms are purely and simply those of a chronic and long-sustained haemolysis which terminates in death from antemia and exhaustion. Haemosiderosis is not necessarily confined to the viscera, for iron pigment may be deposited in the skin or excreted in the urine. Obscure though these anamias are, it seems probable that a common factor underlies them all. They are usually, but by no means always, of a megalocytic type. The degree of anisocytosis is rarely high, and the effect is as if the curve of distribution of the red-cell diameters were shifted bodily to the right. All this suggests that they are due to a morbid exaggeration of the hwemolytic activities of the organism, rather than to any primary disturbance of the red cells or the erythropoietic tissues. Treatment is difficult, and in the present state of knowledge no hope can be offered in the cases which are based on leukimia or lymphadenoma. Liver is useless and transfusion often harmful. When the spleen is eDlarged, benefit may follow its removal, but the issue of the operation is always doubtful and impossible to predict.
It is possible to make only a rough estimate of the frequency of the different types of megalocytic antemia. In my experience Addison's anaemia, and similar anhiemopoietic anaemias due to disturbances of nutrition or digestion, account for from 90% to 95% of all the megalocytic anaemias in this country. Chronic hemolytic anaemia is responsible for some 5%, and acute hsemolytic an8emia for only from 1% to 2%. In hospital and consultant practice we see patients who have not done well on treatment with liver, and among these the percentage of megalocytic anamias of a non-Addisonian type is higher.
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A megalocytic analmia may be defined as one characterized by an excessive number of megalocytes in the peripheral blood, leading, as a rule, to a demonstrable increase in the average diameter of the red cell. A considerable degree of anisocytosis is characteristic, and the Price Jones curves, apart from asymmetry and displacement to the right, generally show a broadening of the base, extending in both directions. These anaemias are always associated with a variable degree of megaloblastic reaction in the bone-marrow, and those of alimentary origin, at least, respond specifically to the administration of adequate quantities of liver extract or marmite, with a reticulocytosis and rapid blood regeneration.
I.-Haemolytic Origin of Megalocytic Ana?mias.
Bunting (1905) and others, many years ago showed experimentally in rabbits subjected to intravenous injections of small doses of hoemolytic chemicals like ricin and saponin, that marrow injury, followed by a megaloblastic hypertrophy, occurred, associated with an excess of megalocytes and the appearance of megaloblasts in the peripheral blood. These experiments made it possible to understand why a halmolytic anwemia might present a megalocytic blood-picture.. Until recently hEemosiderosis and hyperbilirubinaemia had been accepted as valid evidence of excessive blood-destruction, and many authorities had come to regard pernicious analmia as itself of hamolytic origin. Such views, however, have lost caste and are no longer tenable. As a matter of fact, heamolytic ansemia almost invariably induces an erythroblastic response in the bone-marrow and in consequence is associated with an anaemia of a microcytic or normocytic type. Malaria is a typical halmolytic anwmia, and though one meets severe grade malarial aniemias which in many respects clinically resemble pernicious anaemia, none .in my experience have ever conformed to the haematological criteria justifying such a diagnosis. Section of Tropical Diseases and Section of Medicine cytic anaemia which can claim a hnmolytic origin appears to be Oroya fever, caused by Bartonella bacilliformis located in the red cells. This disease, which is limited to towns on the west side of the Andes, is characterized clinically by initial malaise and apathy, followed by irregular remittent fever, cephalalgia, and pains in the bones and joints. Tenderness over the sternum, ha?molytic jaundice, albuminuria, petechial hBemorrhage, splenomegaly, enlargement of the lymph glands, and a rapidly developing pernicious anamia complete the picture. Not infrequently red-cell counts of less than 1,000,000 per c.mm. develop within a few days. The colour-index exceeds 1 * 0, and blood-smears show poikilocytosis, anisocytosis, polychromatophilia, normoblasts and megaloblasts which, in fulminating cases, may be numerous. There is generally a leucocytosis of about 20,000 per c.mm. and the differential count shows from 60% to 70% of neutrophiles; immature neutrophil granulocytes, metamyelocytes, and even myelocytes, are said to be common. Monge and Weiss (1927) state that the Arneth index shows a shift to the left. From a haematological viewpoint the Bartonella anaemias are of great interest, owing to the rapidity with which megaloblastic hypertrophy of the red marrow must ensue. The degree of blood-destruction is very severe, and it is interesting to note in that most fatal of all heemolytic antemias, blackwater fever-in which haemolytic jaundice, haemoglobinaemia, and hmmoglobinuria rapidly occur-that erythroblastic hypertrophy of the red marrow invariably follows and the anemia is never megalocytic in type. Noguchi's (1927) work confirms the view of the older Peruvian physicians that Oroya fever is really the febrile stage of " verruga peruana," the cutaneous lesions of which develop later. Only especially susceptible individuals infected with B. bacilliformis appear to develop Oroya fever, and it may be that, just as splenectomy or deficient dietary is necessary to induce Bartonella anaemia in latently infected rats, so in man some other factor may be necessary to precipitate the generalized septicaemia and acute hBemolytic anermia which characterize the febrile stage of this disease.
II.-MVegalocytic Anamias of Nutritional and Alimentary Origin. Whipple (1920) and his colleagues, working on experimentally induced anaemias in dogs, first proved the fundamental importance of different dietaries in bloodrestoration, and it was during the clinical applications of this knowledge to man that Minot and Murphy (1926) made their remarkable discovery regarding the unique therapeutic value of whole liver in pernicious anaemia. Recently Castle (1929) has shown that there is some " intrinsic factor " (proteolytic enzyme) secreted by the normal stonjach which, acting on protein, produces a habmatinic substance necessary for the normal functioning of the red marrow, and that in its absence megaloblastic hypertrophy ensues, with the production of megalocytic anoemia; furthermore, in cases of pernicious anoemia, sprue, and intestinal fistulae, he has demonstrated that the stomach fails to produce this proteolytic enzyme. This new knowledge has shed much light on the alimentary origin of many obscure anaemias, and it is now evident that the defective production of Castle's " intrinsic factor " in the stomach, or its destruction or mal-absorption in the small intestine, would result in megalocytic anemia. The nutritional origin of the tropical megalocytic anaemia, especially in its relationship to pregnancy, is being dealt with in detail by Dr. Wills, and I will confine my subsequent remarks mainly to dibothriocepbalus anaemia and tropical sprue, especially comparing and contrasting this disease with pernicious anaemia.
Dibothriocephalus ancemia. Of the megalocytic anemias originating in the small intestine that of the broad tape-worm-Dibothriocephalus latus-is perhaps the most difficult to understand. Indistinguishable in its hmematological aspects from pernicious anaemia, Erstrom (1927) has shown that in Finland it occurs in only from 1 to 5 per thousand of infected persons, so that some other factor, such as a constitutional predisposition, appears to be necessary for its development. Many cases show achlorhydria, but in certain of these, as in the patient reported by Mills (1931), acid 1709 1710 Proceedings of the Royal Society of Medticine 118 secretion reappears after elimination of the parasites. Liver extract produces a typical reticulocytosis and restores the blood-count to a normal level, but relapses recur later unless effective anthelminthic remedies have been instituted. In severely anaemic patients specific treatment may be contra-indicated until liver extract therapy has resulted in improvement. Cases have been recorded which relapsed years after the worms had been entirely expelled, and similarly I have noted in cases of sprue which have been apparently cured over considerable periods of time, that megalocytic ana,mia may recur in the entire absence of intestinal symptoms. Attention has already been drawn to the high incidence of achlorhydria in people harbouring Dibothriocephalus latus and possibly the secretion of Castle's "intrinsic factor " may similarly be affected, thus affording a gastrogenous basis for the ana3mia. Or again, after it has been produced, the hoematinic substance may be destroyed or poorly absorbed in the small intestine of the host, as a result of toxic effects exerted by this parasite. Obviously the gastro-intestinal derangement which ensues has not a mechanical or reflex origin, for otherwise similar anmmias would be encountered in infestation with T. saqinata and T. solium.
Tropical Sprue.
The anemia of tropical sprue closely resembles that of pernicious antnmia and there is still a good deal of confusion regarding the duality of these two diseases. Sprue itself is a gastro-intestinal malady, characterized clinically by morning diarrhoea, abdominal flatulence, marked loss of weight, sore tongue and buccal apthae, anaemia, asthenia, low blood-pressure, and a dry and sometimes pigmented skin, which however rarely shows the yellow appearance seen in pernicious anaemia; furthermore, the loss of weight is far greater in sprue, and neurological features are absent. Typically the stools are pale, bulky, and frothy, acid to litmus, and containing an excess of fat which is adequately split. Cramps and tetany occasionally complicate the picture. At autopsy there is typically an entire absence of yellow subcutaneous fat, the heart is small, and the small intestine atrophied, the bowel wall often presenting a diaphanous, parchment-like appearance. In all these respects the post-mortem findings differ from those of pernicious anaemia. The bone-marrow in the two diseases sometimes presents an identical appearance, but generally, in sprue, megaloblastic tissue fails to fill the long bones completely, being interspersed between areas of yellow marrow or the greenish-yellow gelatinous marrow met with in certain nutritional diseases.
Blood-counts in sprue.-The degree of anaemia varies at different stages of the disease and during the first few months may be entirely absent. In eleven out of sixteen instances in Bombay, in which the patient had been ill for less than three months, Fairley, Mackie, and Billimoria (1929) found that the red-cell counts were normal and the hamoglobin values only slightly reduced. In subsequent relapses anaemia is a more constant feature of the disease, and in a recent series of 62 cases examined at the Hospital for Tropical Diseases, London, the average count of red blood-cells was 2,933,000 per c.mm., the heemoglobin 59 %, and the colour index = 1 0. In pernicious anemia, Cabot (1927) has pointed out that from 84% to 89 % of cases have counts under 2,000,000 per c.mm. at the first examination. This strikingly illustrates one of the fundamental clinical differences in the onset of the two diseases, for patients with sprue seek medical advice for intestinal trouble and rarely, if ever, oIi account of anaemia. In cases of relapsing sprue, however, especially those following a respiratory infection in the winter months, antemia may initiate a relapse.
The blood-pictucre in sprie.-The blood-picture in the average case of sprue is one of mild megalocytic anmmia, poikilocvtosis, and anisocytosis being present and sometimes polychromasia, while an increase in the megalocytes is generally evident.
As a rule, however, the changes are not nearly so striking as in pernicious antemia, 119 Section of Tropical Diseases and Section of Medicine an obvious explanation being that the anaemia itself is not of the same severity. In the group of sprue cases with counts under 2,000,000 corpuscles per c.mm., in addition to the changes mentioned above, one meets with basophilic stippling and an occasional normoblast or even megaloblast. Nucleated red cells, however, are not as common as in pernicious anwmia, the reason probably being that, as a rule, there is not so much megaloblastic tissue in the bone-marrow of sprue cases.
In the literature there are frequent references to aplastic anaemia in sprue, but a true aplastic blood-picture is rarely found in this disease in England. Occasional cases of this type were met with in the Bombay series, and one woman with recurrent sprue went downhill progressively after her second relapse, without any significant increase in the bilirubin content of the plasma or the appearance of regenerative forms in the peripheral blood, finally dying from profound anaemia.
The diameter of the corpuscles in sprue. (1) Price Jones curves.-Hampson and Shackle (1924) described Price Jones curves in three cases of sprue, and found marked displacement to the right. The mean diameters of the corpuscles were 8 3, 8-87, and 9 0 microns, and in their cases a typical megalocytic anaimia was demonstrated. Fairley, Mackie, and Billimoria (1929) confirmed these findings in 11 cases of sprue, 10 of which presented Price Jones curves resembling those met with in pernicious anawmia: the average red-cell diameter for the series equalled 8 * 0 microns. In only one case was the apex of the curve displaced to the left of the normal, and here the mean diameter, which was 7 11 microns, fell within normal limits. This case proved of exceptional interest, for four months later the patient returned to hospital with a most profound anaemia; the corpuscles then equalled 400,000 per c.mm., the haimoglobin 10 %, and the colour-index 1I2. At autopsy the tibia was filled with megaloblastic marrow identical with that observed in pernicious anamia.
In the London series in only two cases were Price Jones curves investigatedand, in both, by Price Jones himself. Both presented pictures of pernicious anaimia as regards the red cells. The mean diameter in one case (7 * 6 microns) fell within normal limits, but the coefficient of variation was over 12 %. Following liver therapy both cases responded with an intense reticulocytosis, and blood restoration to a normal level ensued. Early in the disease haemoglobin may sometimes be slightly decreased and a mild degree of secondary ant.mia may be encountered, but in the absence of complications a well-established sprue anaemia is almost invariably megalocytic in type, and the Price Jones curve as well as halometer measurement show this to be so, even when the colour-index is definitely under 1 0.
(2) Diffraction micrometry.-This method, though not so informative or so accurate as the Price Jones curve, has afforded information of value in routine work.
In a, consecutive series of 58 cases of sprue investigated by Eve's halometer, seven showed an average corpuscular diameter of 7*6 microns or less, 12 of 7 8 microns or less, while in 39 cases the readings varied between 8 0 and 8 6 microns. As readings of 7 -8 microns in non-megalocytic anaemias may occasionally be encountered, I have only accepted readings of 8 0 microns or higher as indicating an anaimia of megalocytic type, and adopting this standard, 39 cases would be classified as megalocytic, 12 as doubtful and 7 as normal. Of the latter group the bloodcounts were normal in 3, while 4 presented only a mild degree of anaemia with a colour-index not exceeding unity. Apart from any assistance which diffraction micrometry may afford in routine diagnosis; the method subserves a useful purpose in indicating a decrease in the average size of the corpuscle, under treatment.
Response to liver extract therapy.-In the treatment of sprue it is essential to control intestinal features-such as flatulence, abdominal distension, and diarrhoeaby rest in bed and suitable dietary, and provided this is accomplished, liver extract therapy clears up the megalocytic anaemia of sprue as effectively as it does 1711 Proceedings of the Royal Society of Medicine pernicious anasmia. Thus, in a recent series of 33 cases treated with high meat protein diet and liver extract (= 1 to 1i lb. daily), the average gain in corpuscles = 1,660,000 per c.mm. and in hemoglobin = 20%, while in another series of cases given a high milk protein diet (Sprulac) ' the corpuscles increased by 1,926,000 per c.mm. and the haemoglobin by 20%. The maximal reticulocytosis in the two series averaged 1569 and 17-1 per cent. respectively. Paralleling the improvement in the blood-counts, there was a decrease in the colour-index and the average diameter of the corpuscles. Once the blood-counts and the average diameter of the corpuscle have reached the normal, a maintenance dose of liver extract does not appear necessary in most cases of sprue, though it is probably safer to advise a continuation of liver extract (= i lb. daily) for three months after apparent recovery. Hepatex (P.A.F.) administered intravenously or intramuscularly has been found of value in reinforcing liver extract per os, but given alone it does not appear to initiate the early reticulocytosis and sustained blood-response reported in pernicious ansmia.
In a case of sprue recently reported by Rogers Undoubtedly, with recovery, normal acid secretion gradually tends to be re-established in many of the achlorhydria cases. Probably exceptions do occur when an acquired achylia gastrica becomes permanently established, and it is in such cases that megalocytic aniemia may result years after the disappearance of all sprue symptoms.
One such case recently came to autopsy, and the pathological findings were those of pernicious ansemia. Megaloblastic marrow filled the long bones, the heart was enlarged and fatty, the intestine was normal, and a thick layer of bright vellow subcutaneous fat covered the body.
Bilirubin content of the blood in sprue.-The van den Bergh test invariably yields a negative direct reaction in sprue, while the indirect reaction is generally much less pronounced than it is in cases of pernicious anaemia investigated at a corresponding phase of the disease. Thus, in ninety-eight cases of sprue examined soon after admission to hospital, the indirect reaction averaged 0* 88 units of bilirubin.
Only nine, however, yielded results exceeding 2 0 units (1 mg. per cent.), whereas in pernicious ana3mia readings of from two to five units are common.
Other biochemical findings.-Low blood-cholesterol values are common to sprue and pernicious an8emia, but fat-analysis of the faeces, and investigations of the glucose tolerance curve and calcium contentlof the plasma, may afford information of value in differentiating these diseases. Thus, in a recent series of sixty cases of sprue examined while on a mixed dietary, the average total fat in the dried fa3ces was 385 6%, and of this 656 3% was split. After 60 grm. of glucose per os the blood-sugar curve frequently showed a delayed rise, and often the maximal figure reached did not exceed 30 mg. per cent. Similarly, the total serum calcium tends tobe low, and, in our series, the four cases presenting tetany showed readings varying from,52 to 6 4 mg.%.
The results which we have reached in an investigation extending over a period Dr. Gordon Goodhart: The part allotted to me in this discussion is the description of a short series of cases of non-tropical megalocytic anaemia with high colour-index, which cannot be classified as pernicious anamia, and' although the title of my contribution has been given as " chronic hmmolytic anaemia," in my view the cases that I have to describe are not cases of hbmolytic anemia. If I were compelled to classify them, I should perhaps place most of them amongst the aplastic anEemias, although, as will be seen from the protocols, they form a very heterogeneous group, with little in common except the blood-picture. They all had certain features in common: all had a verv grave aneemia with a high colour-index, all had a very definite megalocytosis and all failed to give the typical response to liver treatment; in saying this it must be remembered that most of them were under observation before the intramuscular preparations now available, and except in the later cases only fresh liver and liver extracts bv mouth were given. Two other features were also noticeable. The Price Jones curve, although shifted well to the right, did not show the marked asymmetry that is so usual in true pernicious anaemia, and in some cases it was as symmetrical as the normal curve. I must here add a personal note, since it has been assumed in some quarters that because I have had the advantage of intimate collaboration with Dr. Price Jones for nearly a quarter of a century, and he has always made all my curves for me, therefore, any views I may express may be taken as having his concurrence. This is not so, and although it was Dr. Price Jones who first drew my attention to these symmetrical curves, he does not attach to them the weight that I incline to do, and he considers that I am drawing from a mere visual inspection of the shape of the curve, conclusions which a mathematical calculation would not justify. The other feature to which I wish to draw attention is the absence of the large characteristic polymorphonuclear cells with hypersegmentation of the nuclei that are constantly seen in pernicious anemia. In all these cases this condition was absent, and in several there was a very definite shift to the left in the Arneth count. In all the cases except one (Case 7) there had been a leucopenia of lymphoid type.
Case 1 (Table I ).-P. M., a man, aged 54, was admitted to University College Hospital under the care of Dr. Charles Bolton, and subsequently under Professor T. R. Elliott, suffering from weakness, breathlessness, severe headache and abdominal pain. He was of a lemon yellow tint; the van den Bergh test gave a positive indirect reaction: there was complete achlorhydria and the Wassermann reaction was negative. The fragility of the red cells was normal. There was continuously, and in spite of all treatment, a severe anneinia with a high colour-index. There was no glossitis, but in all other clinical aspects this appeared to be a Proceedtngs of the Royal Society of Medicine 122 typical case of pernicious analmia, and it was only the failure of response to liver treatment and the symmetrical nature of the Price Jones curve that raised doubt as to the correctness of this diagnosis. Arneth count: shift to left. Fresh liver and liver extracts were given and iron in large doses, but without effect, and blood-transfusions gave only very transient improvement. At the autopsy, by Dr. Barnard, the findings were those oI an aplastic analmia. The liver, spleen and kidney all gave a Prussian blue reaction. In describing the mnarrow, Dr. Barnard reports: " Pink marrow in the bodies of the lumbar vertebrle and red marrow in the sternum which was natural in appearance, with no erosion of the bony trabecuLe. A few scattered patches of red marrow in the neck and throughout all but the lower quarter of the shaft of the right femur. Yellow fatty marrow substance elsewhere. The microscope shows fatty marrow with more white than red cell activity." treated with liver, iron, light, and so forth, but without any obvious improvement. Her condition whilst in University College Hospital was exactly similar to that noted whilst in St. George's. There was a grave anEemia with high colour index, and films showed red cells of obviously greatly increased diameter. She had repeated attacks of the most severe abdominal pain and severe vomiting at regular intervals of from seven to ten days. The van den Bergh reaction was negative; no test meal was possible, but the vomit never contained any free acid and the stools showed no macroscopic evidence of blood. Arneth count: shift to left. After an attack was over the patient recovered quickly and, apart from extreme pallor, was fairly well and very bright; then came another attack, and in twenty-four hours her eyes were sunken, she was collapsed, dehydrated, and almost moribund. Saline and blood-transfusions brought some relief and the attack passed off, only to be renewed a week later. Death occurred following a particularly severe attack. The possibility of some intermittent obstruction in the small intestine was constantly in mind, but nothing could be detected by palpation, and the patient was never in a condition to justify a laparotomy.
At autopsy, Dr. Barnard found severe inflammation and necrosis of the jejunum, the submucous tissue being much infiltrated and producing polypoid masses in the upper part. There was much blood throughout the small and large intestine. There was free iron in the periphery of the lobules of the liver and in the kidneys, which gave a strong macroscopic Prussian-blue reaction. There were a few small patches of red marrow in the shaft of the right femur and normal red marrow in the bodies of the vertebrie and in the sternum. (Table III ).-O. C., a man, aged 26. He had been a barman for two years and then, in 1928, passed a medical examination for the police force. A fortnight later he had a severe attack of abdominal pain and, later, jaundice. He was then admitted to the West London Hospital, where a laparotomy was performed and the liver found to be about one-third of the normal size. He then had a secondary anlemia with normal blood-fragility and a positive direct van den Bergh reaction. There was ascites, for which the abdomen was tapped twice.
After this he improved and returned to his old work for a short time, but a year later (1930) he became ill again and was admitted to University College Hospital under the care of Sir Thomas Lewis. He was pale and breathless, but not obviously jaundiced; there was, however, a weak positive indirect van den Bergh reaction (1 unit). There was a grave anemia with highcolour index and megalocytosis. Arneth count: shift to left, and there was complete achlorhydria. There was much ascites, for which paracentesis was performed on several occasions, with the removal of many pints of fluid. The liver and spleen were never palpable.
Fresh liver and liver and stomach extracts were given an extensive trial without any beneficial effect, and the patient returned to his home in Ireland. August, 1930 . By the middle of September it was apparent that a striking alteration had taken place in the blood, for in addition to the anmemia there was now an obvious megalocytosis. The Arneth count showed a shift to the left. This I regarded as an X-ray aplasia, but in view of the cases of lymphadenoma associated with megalocytosis, reported by Professor Stanley Davidson, there may probably be some other explanation. So far as could be judged clinically, there was much improvement with regard to the lymphadenoma, for glands and spleen decreased in size very considerably, but the anemia resisted all methods of treatment in which liver therapy had a prominent place. Iron in large doses seemed, at one time, to promise a favourable response, but it was borne badly by the patient and continuous dosage could not be maintained. She suffered from several severe febrile attacks, including a very severe influenza, and died fifteen months after first coming under observation. Permission for post-mortem examination could not be obtained. Case 5 (Table V) reaction was negative and the gastric contents contained free hydrochloric acid. The anmemia was of megalocytic type with high colour-index, but the platelet count was only 40,000 per c.mm. Arneth count: shift to left. Liver, half a pound daily, had no effect, and in view of the low platelet count after a series of transfusions, the spleen was removed. This was followed by a temporary cessation of the hlemorrhage and a rise in the platelet count. The uterine 1zi A&ction of 1'ropal -Isea-ses and bSectwon of Medwrne 1719 hmemorrhage, however, returned very soon and she was transferred to the gyntecological wards for radium treatment in November
In March, 1932, she was re-admitted with epistaxis and again, severe ansemia. She had been treated with one and a half pounds of liver and 90 gr. pil. ferri daily, and more recently she has had intramuscular injection of campolin, but there has been no response. She was very difficult to treat and made a fuss about taking liver in any form, though in the end she took a fair quantity, but without any reticulocyte or red-cell response. She was transferred to Mr. E. K. Martin for laparotomy, and he found tuberculous stricture of the small intestine. Numerous counts were made, but little variation was found. The leucocytosis (polymorphonuclear 77%), and the nucleated red-cells suggested some other cause for a megalocytic anmemia than a true Addisonian aniemia, and an X-ray examination revealed an obvious thoracic lesion. The patient died before a complete examination could be made, and at the post-mortem examination a large tuberculous cavity was found in the right lung, with extensive caseating bronchopneumonia. There was no free iron in the liver or kidneys. The bone-m-arrow was fatty and showed very slight activity.
In this case althouglh the condition was clearly not one of pernicious anemia, the Price Jones curve shows the typical asymmetry associated with that condition.
Ca8e 8 (Table VI) .-A man, aged 22, was admitted to University College Hospital under the care of Professor T. R. Elliott, in October, 1926, suffering from diarrhoea and secondary anmemia. He did well and was discharged without any apprehension of future trouble. In February, 1928, he was re-admitted with slight jaundice, fever, and wasting. He was then found to have a megalocytic anemia, complete achlorhydria, and a positive indirect van den Bergh reaction.
The red cells at that time were 2,400,000 per c.mm., Hb. 68%, C.I. 1-4, W.B.C. 2,800.
He was treated with liver extract followed by whole liver. The reticulocyte response was poor and there was none of the general clinical improvement and feeling of well-being that is characteristic of the liver response in pernicious anaemia, but the blood improved steadily and in five weeks' time the count was R.B.C. 4,000,000, Rb. 80%, C.I. 1-0, W.B.C. 5,400.
He left off taking liver and was re-admitted to hospital a fortnight later very ill and deeply jaundiced, with enlargement of liver and spleen. A laparotomy was performed with a view to splenectomy, but nodules of growth were found in liver, spleen, and mesenteric glands and proved to be lymphosarcoma. Death occurred at home from septicaemia and no post-mortem examination was made. Dr. Lucy Wills: "Tropical macrocytic an3emia" [1] is a severe anmmia, especially common in pregnant women. It is quite distinct from the so-called " pernicious anemia of pregnancy" occurring in temperate countries. As I have only studied this condition in India, and among women-the majority pregnant-this paper will, in the main, deal with such cases, and to simplify the issue further, will refer only to uncomplicated ones. The condition is reported from many tropical countries, especially India [21 [3] [41, China [51 and West Africa [6] . In India it is more common in the southern half, where it occurs among all communities and in all grades of society. If it is a nutritional disease this may seem strange, but customs and religion limit the diet of all classes, and purified foods are increasingly common. Rice forms an important part of the diet of a large proportion of the patients. The disease is seasonal, the majority of the cases occurring between October and April.
It is difficult to form an opinion as to its duration, as patients seldom come up for treatment before the anamia has become extreme, and histories are completely unreliable. The final breakdown may, however, be very rapid. I have seen a case in which the red-cell count fell one and half million in ten days. Patients most frequently report in the latter half of pregnancy, but I have had severe and fatal cases as early as the fourth month.
The usual course is for the patient to be admitted in the seventh or eighth month and to have a premature labour, followed either by rapid improvement, or, frequently, by collapse and death. Some cases, however, only develop after delivery, sometimes several weeks later. In the non-pregnant cases the disease is far more chronic.
The symptoms, other than those directly referable to the ana3mia, are very variable. Balfour [2], quoted by Witts [7], describes fever, diarrhcea, and vomiting as marked symptoms. Fever is common, but in a land where there may be " hot fever" and cold fever" and either may be associated with a normal temperature, a history of fever" means nothing. In the later stages when the patient is under observation, most cases have some rise of temperature-in certain cases marked, and suggestive of typhoid or septicaemia. A careful examination of the blood (cultures, Widal tests, etc.) stools and urine, excluded these conditions in our cases. Diarrhoea and vomiting are not typical. During my first two winters there was hardly a case with such symptoms, though during the two previous seasons they had been so common that Dr. Balfour, who was then working on the disease, described diarrhcea and vomiting as marked symptoms. The occurrence or absence of these symptoms is probably related to the incidence of diarrhcea in the general population. Sore tongue and mouth are more constantly present. The spleen is frequently enlarged and sometimes tender. Nerve changes are absent.
The anmmia is severe. In 54 consecutive cases 32 had initial red-cell counts below a million. The death-rate, before the discovery of liver therapy, was high (42% in Balfour's series) and fell only to 33%°in a series that were treated with liver extract, as so many patients were moribund when admitted and died within a few hours undelivered, or went immediately into labour and died within forty-eight hours, before liver therapy could help them. After I discovered the use of marmite (yeast extract) the death-rate fell considerably, but the series so treated was small, and moreover publicity was better, so that cases were reporting earlier.
The blood-picture is that of a macrocytic' anmmia with both normoblasts and megaloblasts present, the former being more frequent than in idiopathic pernicious aneemia. The Price Jones curves show a shift to the right and a marked increase in variability. There is little poikilocytosis. There is no increase in the serum bilirubin. The white-cell counts are variable in the pregnant cases, but in the nonpregnant there is commonly a leucopenia. The test meal shows the presence of free acid in normal amounts in the majority of cases. The average serum calcium is 9 * 0 mg. per 100 c.c., i.e., within normal limits. There is a moderate increase in the non-protein nitrogen and in the urea of the blood in those cases with red-cell counts below a million. As I have mentioned before, I could find no evidence of a constant infection. Balfour reports areas of hyperplasia alternating with aplastic areas in the bone-marrow from two cases. I was unable to obtain permission for postmortem examinations.
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The result of treatment of this anaemia was invariably poor before the advent of liver therapy; all remedies, including iron-and, according to the Calcutta School, blood-transfusions-were useless. Now, uncomplicated cases can be successfully treated, not only with liver extract but also with marmite. The result of such treatment is shown in Charts 1, 2, 3 and 4. There was no control period, but this was unavoidable. The non-pregnant patients had been in hospital for some time, receiving general treatment, and were desperately ill before they came under our care. Bitter experience had taught us that urgent treatment was necessary to save the pregnant cases. It is important to give large doses of liver I01 5 9 13 17 ZI 25 29 33 37 41 45 49 TIME IN DAYS CHART 1.-Response to treatment with liver extract. Non-pregnant case. extract, the equivalent of 600 grm. of fresh liver, as the response to smaller doses is slow, and time is all important.
A teaspoonful of marmite, three or four times a day, or twice a day in the non-pregnant cases, is found to cause a rapid improvement, with a maximal reticulocyte response, generally on the fifth day of treatment. It has been suggested by Davidson [8] that the action of marmite is due to its vitamin B content toning up the intestinal tract and leading to better digestion and assimilation, aided by a better diet in hospital. I cannot agree with this suggestion. The majority of the patients have all their food and frequently their water sent in, and in fact the first patients in whose cases marmite was tried were poor, but strict, Brahmins, every I 131 1723 1724 Proceedings of the Royal Society of Medicine 132 particle of whose food was sent in from their homes. As regards the tonic action of marmite, the rapidity with which it acts (maximal reticulocyte response in five days) suggests a specific effect, more especially as some of these patients were taking absurdly little nourishment at the time, owing to a prejudice against food during an illness.
This anaemia has been classified as a nutritional aniemia, and it is interesting to review the evidence in support of this classification. The world distribution in areas where deficiency diseases are frequent, suggests a nutritional origin: this is supported gross deficiencies in the diet of all the hospital classes. The association of the condition with pregnancy or lactation, when extra demands are made on the maternal organism, and the improvement so commonly seen after delivery, are characteristies shared by other deficiency diseases such as osteomalacia and beri beri. The failure, after an exhaustive search, to find any evidence of an infective agent, negatives an infective origin. The absence of any evidence of faulty digestion or absorption in many cases would suggest that the deficiency is in some extrinsic factor in the diet rather than in any intrinsic factor. As a result of the dietetic survey made in Bombay and of rat experiments carried out at Coonoor [10], I originally formed the opinion that this extrinsic factor was probably related to vitamins A and C, but I L I I Section of Tropiccl Diseases and Section of Medicine monkey experiments demonstrated that this was not so. In these experiments Dr. Billimoria and I were able to produce a macrocytic anamia associated with megaloblastic hyperplasia of the bone-marrow in monkeys fed on a diet in common use among sufferers from anwmia in Bombay. This diet was deficient in all the vitamins (vitamin D was supplied by sunlight), in protein, and in salts. Without any additional rations, all the animals fed on it failed to grow, became anaemic and died. With the addition of extra rations of vitamins A and C and a limited quantity of milk, the animals grew well but became anemic. As growth was good, it is, I think, fair to assume that not only were vitamins A and C present in adequate amounts, but vitamin B1 was present also in this augmented diet, and that these factors were not those producing the ansemia. That the factor is related to the vitamin B complex is suggested by the fact that another animal which received, besides the extra rations mentioned above, an additional yeast ration, remained in perfect health throughout the experimental period. Further, this monkey antemia responded well to marmite, a fact which led to the trial of this remedy in cases of tropical macrocytic anwmia. Marmite is a good source of vitamin B2 as well as of vitamin B1, so that the question of the possible aetiological importance of the former must be considered. Sure [12] suggest that the anti-anemic factor is not vitamin B2 itself, but is some associated factor. That this extrinsic factor is not Cohn's anti-analmia 'factor, present in liver extract, is clear from the fact that although both marmite and liver extract are active in the treatment of tropical macrocytic ansemia, marmite is inactive in the treatment of Addisonian pernicious 3-0160--_x however, good sources of the vitamin B complex, and one is tempted to ascribe their curative action in tropical macrocytic anEemia to some part of this complex other than vitamin B1, but till further work has led to the isolation of the active fraction the exact nature of this factor must remain in doubt.
